The farmer's lung disease (FLD) (Campbell 1932; Pepys et al. 1964 ) is an allergic interstitial granulomatous inflammation of the lung, which is a representative example of hypersensitivity pneumonitis. The FLD is provoked by completion of sensitization through the airway due to inhalation of organic dust antigens comprising spores of actinomyces proliferating in hay used as fodder (Seal et al. 1968 ; Kawanami et al. 1983 ). In the acute type of FLD, subjective symptoms such as pyrexia, general malaise, tachypnea, etc. develop within 4 to 8 hr after inhalation of the antigens. Chest roentgenograms at such occasions show coarsening of bronchovascular markings with small to medium-sized nodulations and the confluent areas of reticulation throughout both lung fields. In the chronic type, the time relationship between antigen inhalation and the appearance of clinical symptoms is obscure. Fibrosis develops in the lung interstitium, and results in irreversible lesions. For the diagnosis of FLD, the relation in time between exposure to the causative antigen and the appearance of clinical symptoms and the demonstration of precipitating antibody in serum by the double immunodiffusion method have been considered essential. However, there are many asymptomatics despite the presence of precipitating antibody after frequent inhalations of the causative antigen (Roberts et al. 1976; Scribner et al. 1980) . doPico et al. in 1976 have stated that the measurement of precipitating antibody is not always a suitable screening test in establishing the diagnosis of hypersensitivity pneumonitis.
Enzyme-linked immunosorbent assay (ELISA) is a very sensitive and specific method for the determination of antibodies (Engvall and Pearlman 1972) . Recently it has found wide application in various fields.
We have measured specific IgG antibodies to thermophilic actinomyces antigen which causes FLD, and found that ELISA is more useful for the diagnosis and screening of FLD than the measurement of precipitating antibody by the double immunodiffusion method.
MATERIALS AND METHODS

Subjects
A group of 12 patients (7 male and 5 female patients, 50.9+ 14.4 (mean+s.D.) years old) who were diagnosed as having FLD on the basis of clinical symptoms, the presence of precipitating antibody of serum, chest x-ray findings, the occurrence of granulomatous interstitial pneumonia as evidenced by transbronchial lung biopsy were examined as the patient's control group (Table 1) . They have been engaging in dairy farming for 6 to 36 years, average duration being 20.2 years. In all cases, precipitating antibodies to Thermoactinomyces vulgaris (T. vulgaris) or Micropolyspora faeni (M. faeni ), or to both of them have been deteced by the double immunodiffusion method. Transbronchial lung biopsy was performed in all cases, and the findings compatible with interstitial pneumonia and the presence of Masson body were confirmed.
To find out patients with FLD, we examined 908 subjects who were engaging in dairy farming in the northern area of IWATE Prefecture during summer in 1983 and in 1984. There were 32 (3.5° ) precipitin-positive farmers among these 908 examinees. Twenty-one of 908 cases were precipitin-positive to M. faeni, 11 were precipitin positive to T. vulgaris, and 3 were precipitin-positive to other antigens. Three were precipitin-positive to more than one antigens. However, no abnormality was observed either by subjective and objective clinical evaluation or in chest x-ray findings of these subjects, and no abnormality was found during a half-year course observation after the examination. Of these subjects, 18 cases examined in 1983 were categorized as those of the precipitinpositive asymptomatic group. From the serum samples without precipitating antibody which were taken from those who were subjected to the same examination, 473 samples were chosen at random and used as the samples of the exposed control group of the same environment. Twenty-one healthy subjects living in the urban area were used as those of the non-exposed control group. The average length of period during which the examinees have engaged in dairy farming (Table 3) control from the same environment and zero year for the group of non-exposed control.
Exceping for the group of non-exposed control, no statistical difference was observed among the three other groups. The average number of cattle per household was 26.6+26.5
(mean+s.D.) for the group of precipitin-positive asymptomatics and 15.0+15.0 for the group of exposed control from the same environment (statistically significant).
Unfortunately, no data were available concerning the number of cattle per household in the group of patients with FLD. To 1,000 ml of citric acid buffer (pH 7.4), 15 g of agarose was added. The resulting mixture was heated in an autoclave and the solution thus prepared was used as the agar matrix. Following 10 hypersensitivity pneumonitis antigens kits from Hollister-Stier Co. Ltd., were used : Aspergillus fumigatus, Cephalosporium acremonium, Cryptostroma cor- The undiluted antigen solution from Hollister-Stier Co. Ltd. was dialyzed against distilled water for 24 hr at 4°C and then against bicarbonate buffer of pH 9.6 for 48 hr at 4° C. Then it was diluted to 3.4 ,u g/ml of protein and was used as an antigen solution. This antigen solution was placed in 200,u1-portions into a microtiter plate with 96 wells, which was incubated at 4°C for 12 hr (coating with antigen). After washing four times with PBS-Tween, 200,u1 of a 100-fold dilution of test serum was poured into each well and the microtiter plate was incubated for 2 hr at room temperature. After washing with PBSTween, 200,ul of a 200-fold dilution of anti-human IgG labeled with alkaline phosphatase (y-chain specific, Cappel) was poured into each well. Incubation was continued for 2 more hrs at room temperature. After washing with PBS-Tween, a diethanolamine buffer solution containing p-nitrophenylphosphate substrate (Sigma) was added. After 30 min. the reaction was stopped with 50 p l of 3 M NaOH and the absorbance at 405 nm was read by means of Titertek MultiskanO . All experiments were carried out in duplicate and the mean value was calculated.
Antibody activities are expressed in terms of mean + s.D.
RESULTS
The specific antibody activities to T. vulgaris were 0.425±0.121 for the group group, 0.011 + 0.038 for the exposed control group from the same environment and 0.012+0.022 for the non-exposed control group (Fig 1) . The antibody activity in the patints' group was higher than in three other groups (statistically significant, p <0.01). No statistically significant difference was observed among the three other groups. The specific antibody activities to M. faeni were 0.528±0.370 for the patients' group, 0.148+0.095 for the precipitin-positive asymptomatic group, 0.019±0.030 for the exposed control group from the same environment and 0.017+0.020 for the non-exposed control group (Fig 3) . Here also the antibody activity in patients' group was significantly higher than in three other groups (p < 0.01). A significant difference was also observed between the precipitin-positive asymptomatic group plus the exposed control group from the same environment and the non-exposed control group (p <0.01). No statistical difference was observed between the exposed control group from the same environment and the non-exposed control group. Four of 12 cases of FLD were precipitin-positive to both T. vulgaris and M.
faeni. The specific IgG antibody activities of these 4 cases were compared with those of patients with FLD who were precipitin-positive to only one antigen (Table 4 ). All sera from these patients had high antibody activities to the corresponding antigen alone. However in the serum from patients who were precipitin-positive to two antigens, antibody activities were high to both antigens.
DISCUSSION
Demonstration of precipitating antibody to thermophilic actinomycetes has been considered as a prerequisite for the diagnosis of FLD since thermophilic actinomycetes was identified and reported as the causative antigen by Pepys et al. In the double immunodiffusion method, formation of non-specific precipitin lines due to the presence of C-reactive protein frequently causes misinterpretation.
This can be circumvented by an addition of citric acid. In some cases, however, a white band is formed around the well of sample sera, which makes the reading difficult. This method has limitations as regards sensitivity and quantitation also.
There have been several studies in which ELISA was applied for the diagnosis or screening of hypersensitivity pneumonitis subsequent to the study by Bamdad in 1980. All of them emphasized the usefulness of ELISA for the diagnosis of hypersensitivity pneumonitis (Marx and Gray 1982; Andersen et al. 1982) . Our results also were in agreement with those of the above investigators. Although the group of patients with hypersesitivity pneumonitis had significantly higher antibody activities, an overlap in titer was observed between this group and the precipitin-positive asymptomatic proup, and thus clear-cut differentiation by ELISA of these two groups was impossible. Since no inhalation provocation test was done in the present study, there is a possibility that T. vulgaris or M.
faeni is not necessarily a causative antigen. However, it is suggested that some factors other than the quality of antibody participated in the pathogenesis of FLD, for example, delayed type hypersensitivity reaction (Moore et al. 1980) in the locus of the lung.
In many cases of hypersensitivity pneumonitis, it has been reported that precipitating antibody often becomes positive to more than one antigen (Wenzel et al. 1974 ; Sutinen et al. 1983 ). In four of 12 patients with FLD in our study also the precipitating antibody was positive to both T. vulgaris and M. faeni. The specific IgG antibody activities to T. vulgaris and M. faeni were high in all sera. But in FLD cases, which were precipitin-positive to only one antigen the antibody activity level to the antigen other than the corresponding one was extremely low, suggesting the absence of common antigenicity between T , vulgaris and M. faeni. Wenzel et al. (1974) also have pointed out that cross reactions to thermophilic actinomycetes occurs only in few sera. Thus it is likely that the subjects who were precipitin-positive to two antigens had simultaneously been exposed to more than one antigens and sensitized during their dairy work. The fact that the length of period during which the patients engaged in dairy farming is not necessarily longer in the group of FLD than in other groups and the average number of cattle per household for the group of precipitin-positive asymptomatics is larger than that of exposed control in the same environment suggests that, the concentration of an antigen rather than the length of period to inhale an antigen may contribute to the development of circulating antibodies of FLD.
Participation of hereditary factors has also been postulated and factors such as HLA (Allen et al. 1977) , allotypes of immunoglobulin (Moore and Fink 1975) , p-mode blood type (Radermecker et al. 1975 ), etc. were investigated without any convincing results (Rodey et al. 1979; Flaherty et al. 1980 ; Konishi et al. 1981) .
Details of the mechanism of the pathogenesis of FLD has not yet fully been elucidated. Further studies using experimental animal models may contribute to the elucidation of the mechanism related to the pathogenesis of hypersensitivity pneumonitis.
